Background-Reporting of adverse clinical events is thought to be an effective method of improving the safety of healthcare. Underreporting of these adverse events is often said to occur with consequence of missing of opportunities to learn from these incidents. A clinical incident can be defined as any occurrence which is not consistent with the routine care of the patient or the routine operation of the institution.
Selection criteria-Randomised controlled trials (RCT), controlled before-after studies (CBA) and interrupted time series (ITS) of interventions designed to increase clinical incident reporting in healthcare.
Data collection and analysis-At least two review authors assessed the eligibility of potentially relevant studies, extracted the data and assessed the quality of included studies.
Main results-Four studies (one CBA and three ITS studies) met our inclusion criteria and were included in the review. The CBA study showed a significant improvement in incident reporting rates after the introduction of the new reporting system. Just one of the ITS studies showed a statistically significant improved effectiveness of the new reporting system from nine months. The other two studies reported no statistically significant improvements.
Authors' conclusions-Because of the limitations of the studies it is not possible to draw conclusions for clinical practice. Anyone introducing a system into practice should give careful consideration to conducting an evaluation using a robust design.
Medical Subject Headings (MeSH)
Medical Errors [prevention & control] ; Risk Management [organization & administration; *standards; utilization]
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BACKGROUND
There has been increasing interest in safety within healthcare over the last 10 to 20 years. The catalyst for this was the Harvard Medical Practice study of hospital inpatients in 1991 (Brennan 1991) that suggested an adverse event rate of nearly 10%. A number of similar reports from across the world were subsequently published but were only really of concern to healthcare regulators. It was not until 1999 that public attention (and media interest) was first drawn to the importance and magnitude of the issue of patient harm from healthcare systems. The seminal publication was 'To err is human' (Kohn 2000) from the U.S. Institute of Medicine, which estimated that medical errors kill between 44,000 and 98,000 people a year in American hospitals. This has been interpreted as healthcare systems killing more people annually than car accidents or as the equivalent of three jumbo jets crashing every two days (Leap 1994) . It has been estimated that in the USA, the total national costs of preventable adverse events are between USD 17 and USD 29 billion (Thomas 1999) .
Although these error figures have been challenged (McDonald 2000) , it is often reported that errors in medical care are on a different scale from error tolerated elsewhere. A clearer picture of the epidemiology of error is emerging and it is becoming clear that providing safe and effective care requires not only expert clinicians, but also well designed care processes and organizational supports (Elwyn 2005) . So recognition that errors are often the results of poorly designed systems and encouraging everyone to identify and learn from errors are equally important in promoting a culture of safety.
Various terms are used in describing errors in medical care and it is likely that different studies will use different definitions and any analysis must address this. There is no agreed definition of what does or does not constitute a clinical incident. One of the most common definitions was developed by the Hospital for Sick Children in Toronto and it is used by many hospitals in the UK: 'a medical error is any occurrence which is not consistent with the routine care of the patient or the routine operation of the institution'. They can be broadly divided into adverse events and near misses. According to 'Organisation with a memory' (NHS 2000) an adverse event is 'An event or omission arising during clinical care and causing physical and psychological injury to a patient'. These are, therefore, clinical incidents in which the patient does come to harm. The same group defines near misses as a 'situation in which an event or omission or a sequence of events or omissions arising during clinical care fails to develop further whether or not as the result of compensating actions, thus preventing injury to the patient'. Near misses are important because they can indicate 'weak areas' in medical care and thus warn of future harm to patients.
Why it is important to do this review
The patient safety literature contains a number of reports of systems that can be used for the reporting of clinical incidents. Some authors have suggested certain attributes that they feel represent elements of reporting systems likely to make them more useful to users (Leape 2002) . Leape suggests successful systems should occur in a safe non-punitive environment, be simple, timely and inexpensive. However, the effectiveness of such systems in promoting adverse event recording is not clear.
OBJECTIVES
To determine the effectiveness of interventions that aim to increase the rate of clinical incident reporting in healthcare systems.
METHODS
Criteria for considering studies for this review
Types of studies-We considered randomised controlled trials (RCTs) non randomised controlled trials (NRCTs), controlled before-after studies (CBAs) and interrupted time series analyses (ITS) that met the quality criteria used by the Cochrane Effective Practice and Organisation of Care Group (EPOC 2011). CBAs were only included if they had at least two intervention and two control sites. ITS were eligible if they had a clearly defined point in time when the intervention occurred and three data collection points before and after the intervention to take into account secular trends and auto-correlation among measurements over time (Ramsay 2003) .
Types of participants-Any public or private healthcare organisation including qualified healthcare professionals who deal directly with patients.
Types of interventions-We included any intervention aimed at increasing clinical incident reporting, for example,comparing an established system with a modified one; or the Searching other resources a. Reviewed reference lists of relevant systematic reviews and studies.
b. Contacted researchers with expertise relevant to the review topic or EPOC interventions.
Data collection and analysis
Selection of studies-We downloaded all titles and abstracts retrieved by electronic searching to the reference management database EndNote, and removed duplicates. At least two of the review authors (EP, MPE, SF, GR) independently examined the remaining references. We excluded those studies which clearly did not meet the inclusion criteria and obtained copies of the full text of potentially relevant references. At least two of the review authors (EP, MES, SF, GR) independently assessed the eligibility of retrieved papers.
Data extraction and management-We designed a modified version of the EPOC Data Collection Checklist (EPOC 2011). At least two of the authors (EP, GF, SF, GR) independently extracted the data using the modified checklist. We used the same criteria as those outlined in the Cochrane Handbook for Systematic Reviews of Interventions to evaluate data (Higgins 2008) to evaluate data and we solved any disagreement by discussion and the involvement of an arbitrator (MPE) as necessary.
Assessment of risk of bias in included studies-We assessed the risk of bias of studies eligible for the review using the criteria suggested by EPOC (EPOC 2011). RCTs, CCTs and CBAs were assessed for generation of allocation sequence, concealment of allocation, baseline outcome measurements, baseline characteristics, incomplete outcome data, blinding of outcome assessor, protection against contamination, selective outcome reporting and other risks of bias. For ITS designs we also assessed the independence of the intervention from other changes, the prespecified shape of the intervention and if the intervention was unlikely to affect data collection. We resolved any disagreement by discussion and the involvement of an arbitrator (MPE) as necessary.
Measures of treatment effect-For each study, we reported data in natural units. Where baseline results were available from RCTs, NRCTs and CBAs, we reported pre-intervention and post-intervention means or proportions for both study and control groups as the unadjusted and adjusted (for any baseline imbalance) values.
For ITS studies we reported the main outcomes in natural units and two effect sizes: the change in the level of outcome immediately after the introduction of the intervention and the change in the slopes of the regression lines. Both of these estimates were necessary for interpreting the results of each comparison. For example, there could have been no change in the level immediately after the intervention, but there could have been a significant change in slope. We also reported level effects for six months and yearly post-intervention points within the post-intervention phase.
We presented the results for all comparisons using a standard method of presentation where possible. For comparisons of RCTs, CCTs, CBAs we reported (separately for each study design): median effect size across included studies; inter-quartile ranges of effect sizes across included studies; and the range of effect sizes across included studies.
Data synthesis-Meta-analysis was not carried out. Instead a narrative results summary was produced. In three of the included studies (Bilimoria 2009; Dixon 2002; Stump 2000) data on incident reporting rate were re-analysed as a time series. We used the Review Manager 5 (RevMan) (RevMan 2011) to present and synthesise the data.
Subgroup analysis and investigation of heterogeneity-No sub-group or sensitivity analyses were performed. Too few studies were identified to explore heterogeneity.
RESULTS
Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Results of the search- Figure 1 shows the study PRISMA flow chart (Liberati 2009).
The search strategy led to the identification of 2153 records. After the independent examination by the review authors, we retrieved 25 articles potentially eligible for the review. After the full text assessment, four studies met the inclusion criteria. A description of retrieved studies and reasons for their exclusion are presented in the "Characteristics of excluded studies" table. The four studies which met the inclusion criteria are reported in detail in the "Characteristics of included studies" table.
An update search ran the 20 March 2012 yielded an additional 2701 citations (after 883 duplicates were removed). Of these studies 2681 were judged as non relevant and directly excluded, leaving 20 abstracts/studies for closer scrutiny.Of these 20 studies 13 were excluded with reasons (see Characteristics of excluded studies table) and seven studies, for which no full text was retrieved, were added to the studies awaiting classification list.
Included studies: Of the four included studies three were re-analysed as ITS (Bilimoria 2009; Dixon 2002; Stump 2000) and one was a CBA (Evans 2007). The 3 ITS studies were all conducted in USA, and the CBA study was conducted in Australia.
Targeted behaviour:
The aim of all the included studies was to improve systems of medical incident reporting. Stump et al (Stump 2000) aimed to increase the number and quality of voluntary reports to uncover system weaknesses and shorten the turnaround time from occurrence to analysis to ultimately implement corrective actions. 
Description of the intervention
Stump 2000 : A standardized, non-punitive system with improvement efforts focused on the medication-use system, competency assessment and reporting incentives. To foster the nonpunitive culture, the term "medication-use variance" was used instead of "clinical error" because it is free of negative connotations. Key elements of the system were as follows:
• Voluntary: participants were encouraged and taught how to use the new system but whether they chose to use the system was up to them.
• Standardised: the previous system had a number of different medication error systems e.g. for chemotherapy, a whole hospital incident reporting system and an internal pharmacy system. The new system centralised all medication error reports to the pharmacy department.
• Non-punitive: the previous process had been punitive i.e. 'corrective' (e.g. counselling or remedial training) or involving disciplinary action. The new system focused on errors in the 'system' as well as general 'competency assessment' if necessary.
• Anonymous: a paper-based system was used to ensure this.
• Timely: the intention was that most reports would be received within 24 hours.
• Paper based: although the reports were written, rather than use a narrative style a 'check-box' report was devised. This prompted the user for 'key data' that had been devised by a committee.
• Near misses data: one of the aims of the system was to capture this type of data which had never been reported under the previous system.
• Education: during implementation of the form, staff conducted in-service training programs on the need for and use of the new reporting system.
• Feedback: the paper described the move from the previous system where those who reviewed the data were 'far from the frontline' to the new system which involved staff at 'grassroots level' in reviewing data and in planning improvements.
The new system was first pilot-tested from May to September 1998 in the hospital pharmacy and three patient care areas (details not given in paper). The implementation in the whole hospital started in March 1999.
Dixon 2002 :
A web-based "patient occurrence system" not limited to medical error. Key elements of the system were as follows
• Electronic reporting: the hospitals existing Intranet was used. This system was available to all employees using the normal secure systems (username, password).
• Confidential: using the system described above it was not possible to be anonymous but the participants were reassured that it was confidential. There was also a 'hotline' system available where staff could ring a number and report incidents anonymously.
• Standardised: the electronic form was designed to capture information felt to be important. The data were collected in code form to make analysis easier.
• Educational programme in tandem: an educational programme was implemented to cover all staff and all shifts. These discussed the need for reporting systems as well as how to fill the forms in.
• Timely: the electronic systems were immediate unlike the previous paper based systems which could be significantly delayed.
The author described the system going 'live' in July 2000. Although the paper discussed a phase II and III, these were related to access of the reported events (by administrators) rather than changes that would have been obvious to the user. The corresponding author was contacted and confirmed that the electronic system was implemented from 5 July 2000.
Evans 2007 :
An intervention package comprising intense education, a range of reporting options, a change in report management and enhanced feedback. The components of the intervention were as follows:
• Education: development of a manual to improve knowledge of reportable incidents and education sessions to explain the purpose of the study.
• Reduce fear of reporting: processes were redesigned and anonymous reports were validated and managed only by the patient safety manager in each institution.
• Reduce reporting burden: a one-page report replaced the three-page form.
• Improve feedback: four newsletters were distributed to inform staff about incidents reported during the study period.
The intervention started from June to August 2003 with units implementing the intervention over a 40-week period.
Bilimoria 2009 : An online morbidity, mortality and anonymous near-misses reporting system. For this review we were interested in one component of the intervention -the introduction of a weekly reminder to report complications and near-miss events. The weekly reminders were introduced in January 2007.
Outcomes: In all of the included studies the "incident reporting rate" was measured. Moreover in Dixon study the authors also measured also the "time to report" and in Evans' study the "change in type of incident" was reported.
Excluded studies: Thirty-four studies were excluded after full copies of the papers were obtained and scrutinized. Reasons for exclusion are reported in the "Characteristics of excluded studies" table.
Risk of bias in included studies
The risk of bias of included studies is described in the risk of bias table within the Characteristics of included studies table. All the included studies are at high risk of bias.
None of the three ITS (Bilimoria 2009; Dixon 2002; Stump 2000) gave rational explanation for the shape of the intervention effect; although as we were re-analysing them, this was difficult to assess. It was also unclear whether the outcomes could have been influenced by other events during the study period. One of the criteria for assessing the risk of bias of studies with an ITS design pertains to the fact that the intervention should be unlikely to affect data collection; in all our ITS studies the intervention itself represented a change in the way data were collected. Moreover, none of the ITS studies had a control group.
The CBA study presented inadequate generation and concealment of the allocation sequence. As stated in the study, there was also heterogeneity between the control and intervention units at baseline for characteristics and outcome measures.
Effects of interventions
See: Summary of findings for the main comparison
Due to the heterogeneity of institutions, personnel, interventions and study design in included studies, we did not combine the results quantitatively.
Incident reporting rate
Stump 2000 : Before the introduction of the new reporting system there was a small decrease of about 2.5 reported events each quarter which was non-significant (pre-slope= −2.516, P=0.588). The number of reported events ranged from 42 to 49 events per quarter prior to the intervention. The mean number of reported events increased at three and six months after the start of the intervention, ranging from 112 to 276 events per quarter, but this improvement was not statistically significant (n=26.4, P=0.491 and n=72.2, P=0.067 respectively). There was a statistically significant increase of the mean number of reported events at 9 (n=117.9, P=0.010), 12 (n=163.6, P=0.003) and 15 months (n=209.3, P=0.002).
Dixon 2002 :
Before the intervention there was a very small increase of about one reported events per-month which was nonsignificant (pre-slope=0.99, P=0.596). The mean increase in the number of reported events at one, three, six, nine and twelve months after the introduction of the new system ranged between 31 and 34 events per month, but none of these increases was statistically significant.
Evans 2007 :
Despite matching by type of unit and hospital location, there was considerable heterogeneity between the control and intervention units at baseline. Owing to the large size of the major city intervention intensive care unit (ICU), there were twice as many ICU beds in the intervention units (42 beds) as there were in the control units (21 beds), a significant difference (Chi 2 (1) = 11.19, P=0.001). At baseline, there were significantly more reports made in inpatient intervention units and in emergency department (ED) control units, and there were more anonymous reports generated in control units. Compared with control units, the intervention resulted in an absolute increase of 60.3 reports/10,000 occupied bed days (OBDs) (95% CI 23.8 to 96.8 reports/10 000 OBDs) in inpatient areas (P=0.001), 39.5 reports/10 000 ED attendances (95% CI 17.0 to 62.0 reports/10 000 ED attendances; P=0.001) and 20.2 anonymous reports/10,000 ED attendances and OBDs combined (95% CI 12.6 to 27.8 reports/10 000 ED attendances and OBDs combined; P=0.001). Within inpatient areas, the most significant improvement occurred in medical units, with an additional 84.5 reports/10 000 OBDs (95% CI 24.9 to 144.1 reports/10,000 OBDs). The intervention was not able to demonstrate improved reporting in the ICUs. There was heterogeneity between individual units, with rates in medical and surgical intervention units (n = 6) ranging from 113 to 431 reports/10,000 OBDs.
Bilimoria 2009 : Before introduction of the reminder system, there was a very small increase in the number of reported events each month which was statistically significant (pre-slope = 0.50, P = 0.008). After the introduction of the reminder system at one, three, six and eight months there was a statistically significant decrease in the mean number of reporting events (respectively four, five, six and six events).
DISCUSSION
Summary of main results
Four studies (one CBA and three ITS studies) met our inclusion criteria and were included in this review ( 
Overall completeness and applicability of evidence
The retrieved evidence is incomplete and of limited applicability. With only four studies investigating the introduction of quite different, complex multiple interventions it is difficult to draw any clear conclusions about either their effectiveness or their generalisability.
The studies reported a limited range of outcome measures. In all of the included studies the 'incident reporting rate' was measured. Moreover in Dixon's study the authors measured also the 'time to report' and in Evans' study the 'change in type of incident' was reported, but neither study identified any direct or indirect costs of implementing their systems. The point of increasing incident reporting is to make healthcare safer (that is for reports to identify harm or potential harm that can be avoided), but none of the included studies directly explored this dimension. Stump et al describe a number of medication errors that were identified and improved following the new reporting system, but numerical data were not reported. The other studies did not mention improvements in patient safety after implementation of their system.
Quality of the evidence
The evidence that we identified has to be regarded as sparse and susceptible to bias. The re analysed ITS scored badly on the ITS risk of bias criteria at least in part because the authors never intended it to be analysed as an ITS. The CBA was scored as unclear on several of the risk of bias criteria.
Potential biases in the review process
The searches were performed at two points in time and by two different review teams and due to lack of information on the first search we could not complete a PRISMA flow chart that covered the whole search period. If both searches had been done by the same team it is possible different studies could have been identified. There is also the risk of publication bias, but as to too few studies were identified for inclusion in this review, we could not assess it.
Agreements and disagreements with other studies or reviews
We are not aware of any other systematic reviews on this topic.
AUTHORS' CONCLUSIONS Implications for practice
Because of the limitations of the studies it is not possible to draw conclusions for clinical practice. Facilities, practices or individuals introducing a system into practice should give careful consideration to conducting an evaluation using a robust design.
Implications for research
RCTs are likely to be challenging to conduct in this area. Finding sufficient units to randomise and suitable control groups will be challenging. However, time series designs can lend themselves well to this type of intervention and should be designed as robustly as possible.
Whichever study design is used, there are a number of specific factors that need to be taken into account. Standardised definitions of clinical incidents (within and ideally between trials) should be used. The features of the reporting methods should be clearly described, including mechanism (electronic or manual), anonymity, accessibility, and ease of input. An appropriate range of outcome measures should be reported including views of users (feedback and user friendliness) and appropriate measures of resource use (to allow robust economic analyses).
SOURCES OF SUPPORT
Internal sources
• Newcastle University, UK.
• University of Modena and Reggio Emilia, Italy. 1. TS=(medical SAME error*) OR TS=(medication SAME error*) OR (TS="risk management")
TS=disclosure OR TS=reporting
2 AND 1
4. TS=("Incident Report*") OR TS=("adverse event report*") OR TS=("voluntary report*") OR TS=("mandatory report*") OR TS=("error report*")
4 OR 3
Parmelli et al.
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6. TS=(random* or factorial* or controlled or evaluat* or trial* or experiment* or study or studies or design or crossover* or cross-over* or placebo* or assign* or volunteer* or intervention* or effect* or compar* or chang* or impact*) or TS=("cross over") or TS=("time series") 7. 5 and 6 Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
SUMMARY OF FINDINGS FOR THE MAIN COMPARISON
Low quality:
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality:
We are very uncertain about the estimate. 
CHARACTERISTICS OF STUDIES
Characteristics of included studies [ordered by study ID]
